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EXECUTIVE  SUMMARY 


Lac  Ste.  Anne  and  Lake  Isle  are  popular  recreational  lakes  situated  about  an  hour’s  drive 
west  of  Edmonton.  Their  green  and  weedy  condition  prompted  complaints  from  lake  users  over  the 
years.  In  1996,  a group  of  concerned  citizens  got  together  and  formed  the  Lac  Ste.  Anne  and  Lake 
Isle  Water  Quality  Management  Society.  Alberta  Environmental  Protection  agreed  to  conduct  a 
diagnostic  study  to  determine  causes  of  water  quality  problems  in  these  lakes  and  what  might  be  done 
to  preserve  them. 

The  focus  of  the  diagnostic  study  was  on  plant  nutrients  - both  in  the  lakes  and  entering 
them  - because  it  is  well  known  that  if  the  supply  of  nutrients  to  a lake  increases,  a decline  in 
recreational  water  quality  usually  results.  Data  from  bottom  cores  taken  out  of  both  lakes  suggest  that 
they  have  become  more  productive  (nutrient  rich)  since  about  1970.  The  cause  of  this  increase  in 
nutrients  is  human  activities  in  the  watershed,  including  clearing  for  agricultural  and  cottage 
development,  livestock,  septic  systems,  road  building  and  any  other  activity  that  changes  the  natural 
landscape. 

The  lakes  and  their  inflow  streams  were  sampled  in  1996  and  1997,  and  the  lakes  only 
were  sampled  in  1998.  The  amount  of  nutrients  contributed  by  streams,  the  bottom  sediments, 
sewage  and  atmospheric  deposition  was  estimated  for  each  year.  A model  was  run  to  determine  the 
effect  of  reducing  the  nutrient  supply  from  the  watershed. 

Lac  Ste.  Anne  and  Lake  Isle  are  very  highly  productive,  with  intense  blue-green  algal 
blooms  during  the  summer.  Occasionally,  summer  fish  kills  occur.  In  1997,  levels  of  algae  in  the 
main  basin  of  Lac  Ste.  Anne  were  high  compared  with  other  years  sampled,  but  were  much  lower  in 
1998.  The  productivity  of  the  West  Basin  of  Lac  Ste.  Anne  was  higher  in  1997  and  1998  than  in 
previous  years  sampled,  but  there  are  insufficient  data  to  determine  whether  water  quality  is 
deteriorating.  The  amount  of  algae  in  Lake  Isle  does  not  seem  to  have  changed  over  the  years  that 
have  been  sampled.  Overall,  these  lakes  rank  among  the  most  productive  of  those  we  have  monitored 
in  Alberta. 


The  Sturgeon  River  is  the  largest  contributor  of  water  and  nutrients  to  the  two  lakes. 
Mission  Creek  contributes  a fairly  large  supply  to  Lac  Ste.  Anne  as  well.  None  of  the  streams 
sampled  stood  out  as  a major  source  of  nutrients,  although  the  phosphorus  concentration  was  highest 
in  Val  Quentin  Creek  both  years  sampled. 

The  internal  phosphorus  supply  - phosphorus  recycled  from  the  bottom  sediments  - is 
the  largest  source  of  phosphorus  to  both  lakes  most  years,  ranging  from  40%  to  90%  of  the  total 
supply  to  the  lakes.  Sewage  sources  represented  less  than  5%  of  the  total,  and  this  assumed  the  worst 
possible  case,  that  all  sewage  not  pumped  out  or  on  the  Tri-Village  sewer  went  into  the  lake. 

The  key  to  improving  water  quality  in  these  lakes  is  reducing  the  external  supply  of 
nutrients.  This  could  be  done  by  eliminating  any  sewage  going  into  the  lake  and  cleaning  up 
watershed  sources  of  phosphorus.  If  the  total  phosphorus  concentration  in  watershed  streams  could 
be  reduced  from  their  current  average  of  220  |ig/L  to  139  |ig/L,  there  would  be  a noticeable 
improvement  in  water  quality  in  years  when  the  internal  phosphorus  supply  was  low.  Eventually,  the 
internal  supply  should  decline  as  well,  as  phosphorus  supplies  in  the  bottom  mud  are  depleted  by 
being  buried  or  flushed  out  of  the  system. 
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1.0  INTRODUCTION 

For  several  years,  cottagers  and  other  lake  users  have  been  concerned  about  deteriorating 
water  quality  in  Lac  Ste.  Anne  and  Lake  Isle.  People  complain  about  green,  scummy  water,  nuisance 
growth  of  shoreline  vegetation  and  occasional  fish  kills.  Lac  Ste.  Anne  and  Lake  Isle  are  green  and 
weedy  because  they  have  a large  nutrient  supply.  All  plants  require  nutrients  such  as  nitrogen, 
phosphorus  and  potassium  for  optimum  growth.  In  lakes,  phosphorus  is  usually  the  nutrient  in 
shortest  supply  relative  to  plant  needs,  and  so  algae  and  other  plants  grow  in  proportion  to  the 
availability  of  that  nutrient.  When  a lake  is  rich  in  nutrients  it  is  called  hyper-eutrophic.  Large 
amounts  of  phosphorus  enter  Lac  Ste.  Anne  and  Lake  Isle  from  the  watershed,  the  lake  bottom  mud, 
precipitation  and  possibly  sewage  effluent. 

It  is  important  to  know  whether  these  lakes  have  always  been  nutrient-rich,  or  whether 
they  have  changed  in  the  past  100  years.  To  find  out,  Alberta  Environmental  Protection  funded 
University  of  Alberta  scientists  (Blais  et  ah,  in  press)  to  collect  long  cores  from  the  deepest  area  of  the 
main  basin  in  Lac  Ste.  Anne  and  in  Lake  Isle.  The  cores,  which  were  collected  in  January  1997, 
represented  about  100  years  of  sediment  deposition  in  these  lakes.  To  determine  conditions  in  the 
lakes  and  watershed  since  that  time,  cores  were  sliced  horizontally  in  1-cm  layers  from  the  bottom  of 
the  core  to  the  top.  Each  layer  was  analyzed  for  animal  and  plant  remains  and  chemistry,  and 
radiocarbon  dated  to  determine  its  age.  The  data  indicate  that  both  Lac  Ste.  Anne  and  Lake  Isle  were 
naturally  eutrophic  even  before  Europeans  settled  the  area.  But  there  is  evidence  that  the  lakes  have 
become  more  productive  since  1970.  This  is  particularly  true  of  Lac  Ste.  Anne  - its  rate  of 
eutrophication  exceeds  that  of  Lake  Isle.  Thus,  it  is  likely  that  the  lakes  have  always  had  algae  and 
weeds,  but  there  is  no  question  that  human  activities  within  their  watersheds,  including  clearing  of 
natural  vegetation,  cottage  development,  agriculture,  and  road  construction,  have  increased  the  supply 
of  nutrients  to  the  lakes. 

In  1996,  a group  of  cottage  owners  got  together  and  established  the  Lac  Ste.  Anne  and 
Lake  Isle  Water  Quality  Management  Society.  The  purpose  of  the  Society  is  to  coordinate  activities 
that  will  lead  to  reducing  the  nutrient  supply  to  the  lakes,  and  thereby  preserve  or  improve  water 
quality.  Staff  of  Alberta  Environmental  Protection  agreed  to  conduct  a diagnostic  study  on  the  two 
lakes  to  determine  their  present  condition  and  sources  of  plant  nutrients  that  lead  to  poor  water 
quality.  Lac  Ste.  Anne  and  Lake  Isle  were  sampled  in  1996  and  1997,  and  four  sets  of  samples  were 
collected  in  the  summer  of  1998.  This  report  updates  two  previous  reports  prepared  for  the  Society 
(see  reference  list  at  end  of  report:  Mitchell  and  Trew  1996,  Mitchell  1997)  and  summarizes  the 
information  collected  in  1997  and  1998.  This  report  represents  the  final  lake  water  quality  report  for 
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the  diagnostic  study.  Note:  throughout  the  report,  words  in  bold  are  defined  in  the  glossary  at 
the  end  of  the  document. 

2.0  METHODS 

The  sampling  program  on  Lac  Ste.  Anne  and  Lake  Isle  was  designed  to  assess  the  lakes’ 
trophic  status,  or  level  of  fertility.  Indicators  of  fertility  include: 

• the  phosphorus  concentration  in  the  lake  water,  usually  expressed  as  micrograms  per  litre, 
pg/L  (parts  per  billion). 

• the  amount  of  algae  suspended  in  the  water  (as  measured  by  the  concentration  of 
chlorophyll  a , the  photosynthetic  pigment  found  in  all  green  plants),  also  expressed  as 
micrograms  per  litre. 

• The  transparency  of  the  water,  measured  with  a Secchi  disk,  a black  and  white  steel  plate 
that  is  lowered  into  the  water  until  it  can  no  longer  be  seen.  This  depth  is  the  Secchi 
depth. 

The  sampling  program  was  also  designed  to  determine  the  sources  and  amounts  of 
nutrients  entering  the  lake  via  inflow  streams  that  drain  from  the  watershed.  For  a lake  diagnostic 
study  to  be  valid,  numerous  samples  must  be  taken  to  account  for  the  natural  variability  of  lakes  and 
streams  due  to  climatic  conditions,  including  rainfall  and  snowmelt  runoff,  wind,  temperature, 
sunlight  and  season  of  the  year.  The  phosphorus  supply  from  the  lake  bottom  sediments  was  also 
estimated  for  each  lake,  and  other  physical  and  chemical  measurements  were  made  during  the  course 
of  the  study. 

2.1  LAKES 

In  1996,  Lac  Ste.  Anne  and  Lake  Isle  were  sampled  every  two  weeks  during  June,  July 
and  August,  and  every  three  weeks  in  May,  September  and  October.  In  1 997,  samples  were  collected 
every  four  weeks  during  the  open  water  period.  In  1998,  samples  from  the  two  lakes  were  collected 
every  three  weeks  in  late  June,  July  and  August,  for  a total  of  four  sampling  trips. 

Lake  water  samples  were  collected  with  a specially  cleaned  clear  plastic  hose  that  was 
lowered  from  the  surface  through  the  zone  that  light  penetrated  on  that  day,  as  measured  with  a 
submersible  light  meter.  This  is  the  zone  inhabited  by  growing  algae  - below  this,  there  is 
insufficient  light  to  support  algal  growth.  All  of  the  hose  hauls  from  the  basin  being  sampled  were 
put  into  one  container,  and  then  a separate  container  was  used  for  the  next  basin.  These  whole-basin 
composite  samples  provide  an  assessment  of  water  quality  in  the  lake  as  a whole,  rather  than  in  one 
particular  area  or  along  shorelines.  The  west  and  east  basins  on  Lac  Ste.  Anne  were  sampled 
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separately,  as  in  past  years,  because  their  morphometry  and  other  characteristics  are  quite  different. 
Lake  Isle  was  sampled  as  one  basin.  On  every  sampling  trip,  temperature,  dissolved  oxygen, 
conductivity,  pH  and  light  were  measured  at  1 m intervals  from  the  surface  to  the  bottom  in  the 
deepest  area  of  each  basin.  Water  transparency  was  measured  with  a Secchi  disk  on  each  sampling 
trip,  as  well  as  with  a submersible  light  meter.  In  the  laboratory,  subsamples  were  taken  from  the 
containers  of  lake  water  and  analyzed  for  phosphorus  and  chlorophyll  a (a  measure  of  the  amount  of 
algae  in  the  water  on  that  day).  Water  was  also  sent  to  a commercial  laboratory  (EnviroTest)  or  the 
Alberta  Research  Council  laboratory  at  Vegreville  for  various  chemical  analyses,  including  nitrogen, 
major  ions,  hardness,  alkalinity  and  pesticides.  In  July  1996,  samples  were  collected  for  analyses  of 
31  commonly  used  pesticides  from  four  locations  in  Lac  Ste.  Anne  (off  Alberta  Beach,  Ross  Haven, 
West  Cove  and  in  the  centre  of  the  main  basin).  Pesticide  samples  were  also  collected  from  both 
lakes  in  June,  July  and  September  1997. 

2.2  STREAMS 

Stream  inflow  and  lake  outflow  samples  were  collected  beginning  in  March  and 
continuing  through  September  in  1996  and  1997;  streams  were  not  sampled  in  1998.  Because  the 
greatest  runoff  often  occurs  during  spring,  stream  samples  were  collected  twice  per  week  until  flows 
subsided,  and  then  weekly  and  finally  monthly  as  the  summer  progressed.  During  summer  storms, 
the  sampling  frequency  was  increased.  The  same  streams  were  sampled  in  1997  as  in  1996,  but  in 
1997  several  additional  streams  were  sampled  (see  list  in  Table  1 and  map  in  Figure  1).  The  sampling 
site  on  each  stream  was  as  close  to  the  lake  as  good  access  would  allow;  most  of  these  were  at 
culverts  on  lakeshore  roadways. 


Table  1.  Creeks  sampled  in  1997.  Trib 
■ • 

utary  numbers  refer  to  Figure  1. 

Lake  Isle 

Lac  Ste.  Anne 

Sturgeon  River  at  Magnolia  Bridge 

Sturgeon  River  at  Darwell 

(T  ribs  12-15) 

(Includes  Trib  21) 

Tributary  1 1 

Tributary  5 

Tributary  10 

Tributary  2 

T ributary  “A”  (between  9 and  1 0) 

Lac  Ste.  Anne  Outflow 

Tributary  “B”  (between  9 and  10) 

Tributary  23  (Val  Quentin  Creek) 

Tributary  8 

Tributary  22  (Mission  Creek) 

Tributary  7 

Tributary  at  Southview  Beach 

Tributary  20 

Drainage  Areas  in 
square  kilometers 


15.66 

46.35 

22.54 

3.91 

33.26 

3.11 

5.32 

6.07 

4.57 

5.86 


5.54 

3.01 

1.42 

2.78 

5.31 

9.34 

8.72 

115.40 


Rge  7 


Rge  6 


Figure  1. 

Isle  Lake  - Lac  Ste  Anne  Basin 


□ Tributary 

El  Diffuse  Runoff  Area 
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Substances  that  were  analyzed  in  the  water  samples  collected  from  the  streams  included 
phosphorus,  nitrogen,  carbon,  routine  chemistry  (which  includes  major  ions,  hardness,  alkalinity,  pH, 
etc.)  and  fecal  coliform  bacteria.  In  July  1996,  samples  from  four  inflow  streams  (Sturgeon  River  at 
Darwell,  Lac  Ste.  Anne  outflow,  Mission  Creek  and  Sturgeon  River  at  Magnolia)  were  analyzed  for 
31  commonly  used  pesticides.  Each  time  a sample  was  collected,  flow  was  estimated  or  measured. 

In  1997,  some  of  the  smaller  streams  were  only  sampled  in  April,  but  others  were  sampled  through 
June,  when  a heavy  rainfall  occurred. 

The  Sturgeon  River  above  Lake  Isle  is  the  only  stream  in  the  Lake  Isle-Lac  Ste.  Anne 
watershed  in  which  flow  is  monitored  continuously.  The  Water  Survey  of  Canada  gauge  is  located  at 
the  Magnolia  Bridge  just  north  of  Highway  16.  This  site  is  about  three  river  km  above  the  lake,  and 
there  is  one  tributary  stream  that  enters  the  river  between  Magnolia  Bridge  and  the  lake  (“Tributary 
1 1”,  from  which  a few  samples  were  collected  in  1997).  To  obtain  an  estimate  of  the  monthly  amount 
of  water  contributed  by  all  the  creeks  draining  to  Lake  Isle  and  Lac  Ste.  Anne,  flows  from  the  Water 
Survey  of  Canada  gauge  at  the  Magnolia  Bridge  site  were  extrapolated  to  each  sub-basin  or  diffuse 
area  for  1996-1998  (Ames  1997,  Abraham  1998a  and  1998b).  Although  flow  measurements  were 
made  on  the  larger  creeks  in  1996  and  1997,  these  instantaneous  measurements  were  not  frequent 
enough  to  derive  a reliable  total  monthly  flow  volume.  These  measurements  were  used,  however,  to 
calculate  the  average  concentration  of  nutrients  in  each  stream  (flow-weighted  mean  concentration). 

For  the  Sturgeon  River  outflows  from  Lake  Isle  and  Lac  Ste.  Anne,  the  measured  flows 
were  extrapolated  to  derive  monthly  outflow  volumes.  This  was  justified  because  the  outflow  from 
lakes  is  relatively  steady  and  not  prone  to  daily  fluctuations  due  to  melting  snow  and  rainfall  events. 
Flow  volumes  measured  in  the  Sturgeon  River  at  Darwell,  minus  flows  from  Tributaries  5 and  21, 
were  used  as  the  outflows  from  Lake  Isle. 

2.3  DATA  ANALYSIS 

When  both  flow  volume  and  nutrient  concentration  are  measured  in  a stream,  a nutrient 
load  can  be  calculated  (a  nutrient  load  is  the  amount  of  nutrient  in  kilograms  that  enters  the  lake  over 
a particular  time).  For  the  Sturgeon  River  at  Magnolia  Bridge,  which  had  daily  flow  data,  annual 
loads  were  calculated  with  a computer  program  called  FLUX  (Walker  1996).  This  program  also  gives 
average  phosphorus  and  nitrogen  concentrations  in  the  stream  for  the  study  period.  For  the  other 
streams  that  were  sampled,  nutrient  concentrations  were  averaged  for  the  month  and  multiplied  by  the 
monthly  flow,  to  obtain  a monthly  nutrient  load  for  that  creek.  For  diffuse  runoff  areas  or  creeks 
without  water  chemistry  measurements,  or  where  the  creek  data  were  too  sparse  to  be  reliable, 
monthly  flow-weighted  mean  nutrient  concentrations  from  Mission  Creek  were  used  for  Lac  Ste. 
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Anne  and  from  the  Sturgeon  River  at  Magnolia  for  Lake  Isle.  These  estimation  techniques  have  been 
validated  on  other  lake  and  stream  studies  in  Alberta. 

Stream  sampling  was  not  conducted  in  1998.  Instead,  the  1998  inflow  loads  to  Lake  Isle 
and  Lac  Ste.  Anne  were  calculated  with  the  average  concentrations  of  nutrients  for  the  Sturgeon  River 
at  Magnolia  in  1996  and  the  watershed  inflow  volumes  estimated  for  1998.  The  1998  inflows  for  the 
Sturgeon  River  were  only  available  to  the  end  of  August  1998,  however. 

Phosphorus  loads  were  calculated  or  estimated  for  each  source  around  the  lake,  including 
watershed  streams  and  diffuse  runoff  areas,  atmospheric  deposition  (rain,  snow  and  dust),  the  bottom 
sediments  of  the  lake  and  sewage.  Methods  for  determining  amounts  of  nutrients  from  each  of  these 
major  sources  are  listed  in  one  of  the  previous  reports  (Mitchell  1997).  Atmospheric  deposition  was 
calculated  based  on  a supply  rate  derived  during  a University  of  Alberta  study  on  Narrow  Lake  (Shaw 
et  al.  1989).  Other  studies  done  in  Alberta  suggest  there  is  very  little  variation  in  the  rate  of 
phosphorus  that  falls  on  central  Alberta  lakes. 

The  supply  from  sewage  was  updated  for  both  lakes  based  on  new  information  from 
questionnaires  circulated  to  cottage  owners  in  1997  (Desjardins  1998)  and  on  new  information  on  the 
number  of  parcels  in  the  summer  villages  and  counties.  The  original  user  information  (number  of 
properties,  number  of  people  using  property,  etc.)  was  estimated  by  the  former  Edmonton  Regional 
Planning  Commission  in  the  late  1970s.  They  did  not  include  cottage,  recreational  and  institutional 
development  that  used  pump-out  sewage  systems  in  their  estimates.  For  the  update,  the  same 
assumptions  were  made.  Based  on  the  1997  survey,  it  was  assumed  that  50%  of  the  cottages  off  of 
the  Tri-Village  sewer  had  pump-out  systems.  Phosphorus  from  cottages  not  on  the  sewer  nor  having 
pump-out  systems  was  assumed  to  enter  the  lake.  The  1970s  estimate  for  the  phosphorus  supply  from 
recreational  developments  and  institutions  was  used. 

A major  source  of  phosphorus  to  these  lakes  (and  many  central  Alberta  lakes)  is  the 
bottom  sediments.  For  1996  and  1997,  its  supply  was  calculated  from  the  increase  in  the  amount  of 
phosphoms  (phosphorus  mass)  in  each  lake  over  the  summer.  If  one  knows  the  amount  of 
phosphorus  in  the  lake  in  June,  and  the  amount  in  the  lake  in  August,  then  subtracts  what  goes  into 
the  lake  over  this  period  and  adds  what  is  lost  via  the  outflow,  the  resulting  amount  is  assumed  to 
come  from  the  sediments.  It  is  called  a net  internal  phosphorus  load.  Although  the  lake  bottom 
itself  is  undoubtedly  the  greatest  contributor  to  this  amount,  other  sources  would  include  anything 
unmeasured  or  unestimated,  including  sewage  and  groundwater  inputs.  Because  the  calculated 
internal  load  may  also  include  whatever  phosphoms  was  contributed  by  sewage,  the  estimated 
potential  contribution  from  this  source  was  subtracted  from  the  internal  load  and  shown  separately  in 
results  tables. 


7 


In  1996,  laboratory  experiments  were  conducted  on  sediment  cores  taken  from  both  lakes 
to  gain  an  independent  estimate  of  the  contribution  from  the  sediments  alone.  This  could  not  be  done 
in  1997  or  1998.  As  well,  a net  internal  phosphorus  load  could  not  be  calculated  for  1998  because 
early  summer  lake  phosphorus  concentrations  were  not  available.  Therefore,  the  internal  supply  for 
that  year  was  extrapolated  from  the  concentration  measured  in  the  lake  with  the  BATHTUB  model 
described  below;  in  the  model,  inputs  from  other  sources  are  subtracted. 

The  data  obtained  during  the  study  years  were  entered  into  a computer  model  called 
BATHTUB  (Walker  1996).  The  model  predicts  lake  water  quality  from  phosphoms  loading  data.  Its 
main  use  is  to  help  understand  how  these  lakes  function,  but  it  can  also  be  used  to  determine  the 
effect  on  water  quality  of  reducing  the  supply  of  nutrients  from  the  watershed  or  lake  bottom. 
BATHTUB  was  calibrated  with  data  collected  in  1996.  To  verify  the  model,  1997  data  were  input 
(inflow  volumes,  concentrations,  precipitation,  etc.)  without  changing  the  calibration  factors  that  were 
set  up  for  the  1996  data  set.  If  the  model  is  working  correctly  and  if  we  have  enough  data  to  describe 
how  the  lake  functions,  the  predicted  phosphoms  and  chlorophyll  a concentrations  should  be  similar 
to  the  observed  data  for  that  year.  Although  the  model  is  useful  for  getting  a general  picture  of  lake 
functioning,  it  cannot  be  relied  upon  completely  because  it  was  developed  on  a very  different  set  of 
water  bodies  than  Alberta  lakes. 

3.0  RESULTS 

3.1  HYDROLOGY 

Lake  Isle  and  Lac  Ste.  Anne  lie  within  the  Sturgeon  River  Basin  (Figure  1).  The  Sturgeon 
River  flows  into  Lake  Isle,  then  into  Lac  Ste.  Anne;  the  outflow  from  Lac  Ste.  Anne,  also  called  the 
Sturgeon  River,  eventually  joins  the  North  Saskatchewan  River.  The  Sturgeon  River  flowing  into 
Lake  Isle,  and  out  of  Lake  Isle  into  Lac  Ste.  Anne,  represents  about  half  of  the  total  water  inflow  from 
the  watershed.  Mission  Creek,  which  flows  into  the  main  basin  of  Lac  Ste.  Anne,  also  represents  a 
sizable  portion  of  the  total  watershed  inflow  for  that  lake.  The  numerous  other  streams  draining  into 
the  lakes  are  relatively  small,  and  many  are  intermittent. 

Table  2 presents  hydrological  information  for  the  two  lakes  for  the  study  years  and  the 
long  term.  The  long-term  data  are  somewhat  different  than  those  reported  in  the  Atlas  of  Alberta 
Lakes,  because  different  reference  water  survey  stations  were  used  to  calculate  runoff  inflow.  The 
inflow  quantities  presented  are  considered  to  be  slightly  more  appropriate  for  the  Sturgeon  watershed 
than  those  in  the  Atlas.  The  amount  of  runoff  entering  Lac  Ste.  Anne  and  Lake  Isle  was  greater  in 
1996  and  1997  than  the  long-term  average  inflow,  whereas  in  1998  the  amount  of  runoff  was  well 
below  average.  Thus,  the  three  study  years  represent  a good  range  of  flow  conditions  for  the 
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Table  2.  Hydrol 
1998  a 

residen 

ogical  characteristics  of  Lake  Isle  and  Lac  Ste.  Anne  for  1996  - 
nd  long-term1.  All  values  are  in  millions  of  m3  per  year,  except 
ce  time,  in  years.  1998  is  calculated  through  August  only. 

Lake  Isle 

Lac  Ste.  Anne 

1996 

1997 

1998 

Long- 

term 

1996 

1997 

1998 

Long- 

term 

Runoff  Inflow2 

26.8 

35.6 

4.82 

17.8 

52.1 

82.7 

8.89 

37.4 

Precipitation 

11.8 

10.9 

8.77 

12.4 

28.0 

26.6 

20.8 

29.9 

Evaporation 

15.2 

15.2 

14.6 

14.8 

36.0 

36.0 

34.5 

35.0 

Outflow 

24.7 

33.0 

0.98 

15 

25.3 

77.8 

2.46 

32 

Storage  Change3 

-1.2 

-1.7 

-2 

0 

+19 

-6.4 

-12 

0 

Residence  Time 

3.9  yr. 

3 yr. 

>50  yr. 

6.2  yr. 

6 yr. 

3.6  yr. 

>50  yr. 

8.1  yr. 

Notes:  1.  Long-term  calculated  for  1981  - 1996. 

2.  Includes  flow  from  Lake  Isle  to  Lac  Ste.  Anne.  \ 

3.  Approximate. 

Sources:  Ames  (1997),  Abraham  (1998a  and  1998b). 

watershed.  Compared  with  many  central  Alberta  lakes,  Lake  Isle  and  Lac  Ste.  Anne  are  fairly  rapidly 
flushed.  For  example,  Wabamun,  Pigeon  and  Sylvan  lakes  have  hydraulic  residence  times  that 
exceed  100  years.  The  long-term  average  hydraulic  residence  time  for  Lake  Isle  is  6 years  and  for 
Lac  Ste.  Anne  8 years.  In  1996  and  1997,  the  residence  time  for  both  lakes  was  shorter,  meaning  that 
the  flow-through  was  greater.  In  contrast,  the  hydraulic  residence  time  for  1998  was  much  longer. 

In  1996  and  1997,  spring  snowmelt  runoff  peaked  in  mid-April,  then  flows  subsided  until 
there  was  a large  rainstorm  in  June.  The  June  event  in  1997  produced  very  large  flows  in  tributary 
streams  draining  to  the  lakes,  but  flows  declined  quickly.  The  large  inflow  volume  at  this  time 
brought  the  lake  water  levels  up,  particularly  in  Lac  Ste.  Anne  (Figure  2),  prompting  complaints  about 
high  water  levels  affecting  property.  However,  the  maximum  1 997  monthly  mean  water  level  in  Lac 
Ste.  Anne  (723.366  m above  sea  level  in  July)  was  0.4  m (1.3  feet)  lower  than  the  maximum  monthly 
mean  level  in  1974  (723.747  m in  May).  The  water  level  in  1974  was  the  highest  ever  recorded  for 
the  lake,  and  there  was  extensive  flooding  around  the  lakeshore.  For  Lake  Isle,  the  water  level 
(Figure  3)  was  also  quite  high  in  both  1996  and  1997  (the  mean  monthly  water  elevation  was  730.424 
m in  July  1997),  but  lower  than  the  historic  highest  water  level  (730.701  m in  August  1989). 

During  1998,  spring  runoff  was  minimal,  and  a rain  event  in  early  July  resulted  in  flows 
that  were  higher  than  in  spring.  In  both  lakes,  the  water  level  was  considerably  lower  in  1998,  and 
there  was  concern  about  declining  water  levels.  All  of  these  fluctuations  result  from  natural  variation 
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Figure  2.  Monthly  mean  water  level  in  Lac  Ste.  Anne  (station  no.  05EA006)  1932-1998. 
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Figure  3.  Monthly  mean  water  level  in  Lake  Isle  (station  no.  05EA008)  1972-1998. 
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in  the  amount  of  rainfall  and  runoff,  and  have  little  to  do  with  control  structures  or  the  lack  of  them  on 
the  outlets  of  the  lakes. 

3.2  LAKE  WATER  QUALITY  CHARACTERISTICS 

3.2.1  Major  Ions  and  Related  Variables 

The  average  water  chemistry  in  the  two  lakes  for  1996-98  is  listed  in  Table  3.  The  water 
in  all  three  basins  is  very  similar.  It  is  fresh  and  relatively  hard,  and  well  within  optimum  ranges  for 
freshwater  life.  The  dominant  ions  are  calcium  and  bicarbonate  in  both  lakes.  There  has  been  no 
overall  change  in  levels  of  total  dissolved  solids  (a  measure  of  the  total  amount  of  dissolved  natural 
chemical  constituents  in  the  water,  including  sodium,  calcium  and  other  ions)  since  monitoring  began 
in  1976.  Concentrations  of  dissolved  solids  do,  however,  vary  from  year  to  year  depending  on  the 
amount  and  quality  of  water  that  enters  the  lake.  For  example,  in  1998,  concentrations  of  most  of  the 
major  ions  were  slightly  higher  than  in  1996  or  1997,  perhaps  because  the  spring  and  summer  were 
warmer  (increased  evaporation  concentrates  dissolved  substances)  and  precipitation  and  runoff  inflow 
were  lower  (so  there  was  less  dilution  than  in  1996  or  1997). 


^ _ _ ' ■ , . . . x . ...  _ - - II 

Table  3.  Average  concentrations  of  major  ions  and  related  variables  for  Lake  Isle 
and  Lac  St&Anne,  May-OctobeM  996-1 998.  Number  of  samples  - 20. 

Lake  Isle 

Lac  Ste.  Anne 
West 

Lac  Ste.  Anne 
East 

pH  (pH  units  - range) 

7.7 -9.0 

7.8 -9.3 

8.0 -9.2 

Specific  Conductance,  uS/cm 

308 

303 

314 

Total  Dissolved  Solids 

166 

166 

170 

Iron 

0.04 

0.08 

0.02 

Calcium 

30.6 

31.8 

31.6 

Magnesium 

8.6 

9.2 

10.3 

Total  Hardness 

112 

118 

121 

Sodium 

19 

17 

17 

Potassium 

7.0 

7.1 

7.9 

Sulphate 

8 

7 

10 

Chloride 

5.0 

4.4 

4.3 

Silica 

8.4 

8.4 

7.76 

Total  Alkalinity  as  CaC03 

148 

148 

149 

Bicarbonate 

165 

161 

171 

Carbonate 

7.6 

9.2 

7.2 
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3.2.2  Temperature  and  Dissolved  Oxygen 

Figure  4 shows  examples  of  temperature  and  dissolved  oxygen  concentrations  for  the  two 
lakes  in  winter  and  summer.  Each  dot  on  the  graph  lines  is  a measurement  at  the  depth  on  the  left- 
hand  axis  of  the  graph.  On  the  winter  sampling  dates,  the  temperature  (solid  line)  increased  slightly 
from  the  surface  of  the  lake  to  the  bottom  in  all  three  basins.  The  highest  temperature  (slightly  over 
4°C)  on  February  26,  1997  occurred  at  the  bottom  of  Lake  Isle.  The  warmest  water  in  a lake  under 
ice  usually  occurs  at  the  bottom  because  water  is  densest  at  4°C.  There  was  no  dissolved  oxygen 
(dotted  line)  in  the  bottom  four  metres  of  depth  in  the  West  Basin  of  Lac  Ste.  Anne  or  at  the  bottom  in 
the  other  two  basins.  However,  fish  would  survive  in  the  upper  layers  under  these  conditions.  The 
examples  presented  in  Figure  4 are  typical  of  most  winters  for  these  basins  (and  of  other  similar 
Alberta  lakes). 

During  summer,  the  coolest  water  is  usually  at  the  bottom  of  a lake  (again,  because  water 
is  densest  at  4°C).  In  these  lakes,  however,  the  water  temperature  is  fairly  similar  from  the  surface 
down  to  the  bottom.  The  entire  water  column  usually  mixes  during  windy  periods,  unlike  deeper 
lakes  that  form  a stable  layer  of  warm  water  over  a layer  of  cool  water  during  summer  (thermal 
stratification).  On  hot,  calm  days,  however,  the  surface  water  of  Lac  Ste.  Anne  and  Lake  Isle  warms 
and  a slight  temperature  gradient  is  established.  When  this  happens,  the  water  column  is  resistant  to 
mixing,  and  dissolved  oxygen  depletes  at  the  bottom,  as  occurred  on  August  5 and  6,  1997  in  all  three 
basins.  Mid-summer  is  also  the  time  that  blue-green  algal  blooms  occur.  When  a heavy  blue-green 
bloom  begins  to  die  and  decompose,  dissolved  oxygen  can  deplete  rapidly,  especially  during  darkness 
when  photosynthesis  cannot  offset  the  oxygen  used  up  in  the  decomposition  process.  Then,  a summer 
fish  kill  can  occur.  Fish  kills  are  an  occasional,  although  natural,  result  in  lakes  enriched  with  plant 
nutrients. 

A summer  fish  kill  occurred  in  Lac  Ste.  Anne  and  Lake  Isle  in  mid- August  1998.  In  Lake 
Isle,  dissolved  oxygen  concentrations  were  only  slightly  over  3 mg/L  throughout  the  water  column  on 
the  morning  of  August  19,  1998.  These  low  concentrations  suggest  that  dissolved  oxygen  levels  were 
probably  even  lower  during  darkness  and  possibly  earlier  in  the  month  when  the  fish  kill  occurred. 
The  amount  of  algae  in  the  water  had  declined  by  the  August  1 9 sampling  trip,  suggesting  also  that 
there  had  been  a collapse  of  an  algal  bloom. 

3.2.3  Trophic  Indicators 

Substances  that  plants  require  for  growth  are  called  nutrients,  and  when  they  are  in 
abundance,  plants  grow  well.  People  apply  nutrients  in  the  form  of  fertilizer  to  lawns  or  crops  to 
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Figure  4.  Vertical  profiles  of  temperature  and  dissolved  oxygen  in  Lac  Ste.  Anne  west  basin, 
main  basin  and  Lake  Isle,  1997. 
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improve  their  growth.  Plants  in  lakes  require  the  same  nutrients.  In  some  lakes  the  natural  or  human- 
caused  nutrient  supply  is  high,  and  the  lake  is  called  highly  productive,  or  fertile,  or  eutrophic.  A 
trophic  indicator  is  a substance  or  characteristic  that  is  measured  to  find  out  how  productive  a lake 
is.  Phosphorus  is  particularly  important,  because  if  the  phosphorus  supply  to  a lake  increases,  algal 
growth  usually  also  increases.  Alternatively,  if  the  phosphorus  supply  could  be  reduced,  the  amount 
of  algal  growth  in  a lake  should  decline.  Nitrogen  is  also  important,  but  because  it  is  a component  of 
air,  it  is  usually  in  abundant  supply  and  not  easily  controlled. 

As  anyone  who  visits  these  two  lakes  knows,  there  are  times  during  the  summer  that  the 
water  is  reasonably  clear  and  attractive,  and  other  times  that  it  looks  like  “pea  soup”.  These  seasonal 
variations  occur  in  most  productive  lakes.  Typically,  the  lake  will  be  greenest  in  July  and  August 
when  most  people  would  like  to  swim  or  water  ski.  Figure  5 shows  trophic  indicators  for  Lake  Isle 
and  Lac  Ste.  Anne  for  the  summer  of  1997.  Note  that  phosphorus  concentrations  built  up  over  the 
summer  in  all  three  basins  and  chlorophyll  concentrations  peaked  at  about  the  same  time.  The  water 
was  most  turbid  when  chlorophyll  concentrations  were  high.  In  fact,  in  Lac  Ste.  Anne  East,  the  water 
was  so  murky  with  suspended  blue-green  algae  in  August  that  the  Secchi  disk  could  be  seen  only  to  a 
depth  of  0.2  m (less  than  8 inches).  The  water  was  somewhat  clearer  in  Lake  Isle,  even  though 
chlorophyll  a concentrations  were  also  very  high  during  blue-green  algal  blooms.  Different  species 
of  algae  may  have  occurred  in  these  lakes  at  the  time  of  their  peak  chlorophyll  levels,  so  that  the 
transparency  of  the  water  was  affected  differently.  Nitrogen  concentrations  were  also  high  when 
chlorophyll  a was  high,  because  much  of  what  was  measured  in  the  water  sample  was  either  within 
algal  cells  or  as  dissolved  organic  nitrogen  from  biological  activity. 

Table  4 shows  average  concentrations  of  nutrients,  chlorophyll  a and  Secchi  depth  in 
Lake  Isle  for  each  of  the  years  it  has  been  sampled.  These  averages  are  for  the  July-September 
sampling  period  only  so  that  the  four  sampling  dates  in  1998  can  be  compared  with  a similar  time 
period  from  previous  years.  There  is  considerable  year  to  year  variation  in  the  averages  for  nutrients, 
but  the  highest  concentrations  occurred  in  1998.  Note  that  the  concentration  of  chlorophyll  a in  1998 
was  within  the  range  of  other  years,  however.  This  means  that  the  average  amount  of  algae  in  the 
water  was  no  greater  than  in  other  years,  despite  an  average  phosphorus  concentration  that  was  twice 
that  of  1997.  The  reason  for  this  is  unknown,  although  it  is  possible  that  some  other  substance  needed 
for  plant  growth  (such  as  a micronutrient)  was  insufficient. 
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Figure  5.  Concentrations  of  chlorophyll  a,  total  phosphorus  and  total 
nitrogen,  and  Secchi  depth  in  Lake  Isle  and  Lac  Ste.  Anne 
East  and  West,  1 997. 
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Table  4.  Average  concentrations  of  nutrients  and  chlorophyll  a,  and  average  Secchi 
depth  in  Lake  Isle  from  July  - mid-September,  1 983-1 984,  and  1 996-1 998. 

Units  are  micrograms  per  litre  except  for  Secchi  depth,  in  metres. 

1983 

1984 

1996 

1997 

1998 

Total  Phosphorus 

140 

166 

94 

178 

367 

Total  Diss.  Phosphorus 

72 

115 

37 

116 

285 

Total  Nitrogen 

1798 

1838 

1288 

1675 

2130 

Inorganic  Nitrogen 

48 

140 

171 

140 

436 

Chlorophyll  a 

64.7 

47.5 

48.6 

65.6 

67.1 

Secchi  Depth,  m 

1.4 

1.3 

3.1 

1.7 

2.1 

I Number  of  Samples 

3 

3 

5 

4 

4 

Tables  5 and  6 show  similar  data  for  the  East  and  West  basins  of  Lac  Ste.  Anne, 
respectively.  In  the  East  Basin,  levels  of  phosphorus,  nitrogen  and  chlorophyll  a were  considerably 
higher  in  1997  than  in  other  years  and  the  water  was  less  transparent  (the  higher  the  Secchi  depth 
value,  the  clearer  the  water).  The  chlorophyll  a concentration  was  twice  the  average  concentration  in 
Lake  Isle,  and  Lac  Ste.  Anne  East  ranked  among  the  most  productive  lakes  sampled  by  Alberta 
Environmental  Protection  that  year.  The  chlorophyll  a data  for  Lac  Ste.  Anne  East  appear  to  be 
somewhat  anomalous,  because  phosphorus  concentrations  should  normally  be  higher  than  chlorophyll 
concentrations.  This  has  been  observed  in  other  lakes  with  very  dense  blue-green  algal  blooms,  and 
may  relate  to  the  presence  of  a heavy  algal  scum  on  the  surface  of  the  water. 


Table  5.  Average  concentrations  of  nutrients  and  chlorophyll  a,  and  average 
Secchi  depth  in  Lac  Ste.  Arine  East  Basin  from  July  - mid-September, 
1984-1985,  and  1996-1998.  Units  are  micrograms  per  lilre,  except  for  Secchi 
depth,  in  metres. 

1984 

1985 

1996 

1997 

1998 

Total  Phosphorus 

50 

... 

49 

118 

44 

Total  Diss.  Phosphorus 

9.1 

... 

13.6 

21.7 

13.1 

Total  Nitrogen 

1140 

922 

1196 

2643 

1111 

Inorganic  Nitrogen 

142 

16 

119 

59 

86 

Chlorophyll  a 

29.0 

20.7 

40.2 

140.9 

20.5 

Secchi  Depth,  m 

1.3 

1.6 

1.8 

1.0 

2.2 

Number  of  Samples 

3 

3 

5 

4 

4 
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Table  6.  Average  concentrations  of  nutrients  and  chlorophyll  a,  and  average 

Secchi  depth  in  Lac  Ste.  Anne  West  Basin  from  July  - mid-September, 

1 1996-1998.  Units  are  micrograms  per  litre  except  for  Secchi 
i,  in  metres. 


1984-1985,  and 

■ u v 


1984 

1985 

1996 

1997 

1998 

iTotal  Phosphorus 

72 

... 

219 

271 

310 

Total  Diss.  Phosphorus 

31 

... 

162 

167 

236 

Total  Nitrogen 

1536 

1375 

1856 

2400 

2446 

Inorganic  Nitrogen 

88 

51 

320 

77 

259 

Chlorophyll  a 

46.6 

49.7 

44.4 

109.8 

101.3 

Secchi  Depth,  m 

0.9 

1.6 

3.0 

1.6 

2.0 

Number  of  Samples 

3 

3 

5 

4 

4 

In  1998,  the  levels  of  algae  and  nutrients  in  the  East  Basin  were  more  typical  of  other 
years.  Although  the  amount  of  algae  in  the  lake  in  1997  was  a great  concern  to  lake  users,  the  1998 
data  demonstrate  that  a year  with  particularly  poor  water  quality  does  not  necessarily  lead  to  poor 
water  quality  the  following  year.  Lakes  are  naturally  very  variable,  and  respond  to  climatic  variation, 
which  would  include  temperature,  wind,  inflow  volume  and  the  magnitude  of  the  spring  runoff 
nutrient  supply,  as  well  as  unknown  factors  influencing  sediment  phosphorus  release. 

In  the  West  Basin,  levels  of  total  phosphorus,  total  nitrogen  and  chlorophyll  a were 
higher  in  1997  and  1998  than  in  other  years.  Levels  of  total  and  dissolved  phosphorus  in  1996-1998 
were  more  than  three  times  higher  than  was  recorded  in  1 984.  It  is  not  possible  to  determine  whether 
there  is  a long-term  trend  toward  deteriorating  water  quality  in  this  basin  - in  very  productive 
systems,  many  years  of  data  are  necessary  to  establish  this.  Shallow,  productive  lakes  often  vary 
greatly  from  year  to  year  in  terms  of  phosphorus  concentrations  and  the  amount  of  algae  they 
produce.  The  higher-than-average  inflows  in  1996  and  1997  may  have  resulted  in  the  high 
phosphorus  and  chlorophyll  a concentrations  observed  in  1997  and  which  carried  over  into  1998. 

3.2.4  Pesticides 

The  pesticide  data  for  the  four  locations  sampled  in  Lac  Ste.  Anne  in  July  1996,  and  in 
Lake  Isle  in  June,  July  and  September  1997  revealed  that  all  data  were  below  the  analytical  detection 
limit,  even  for  the  commonly  used  2,4-D.  In  Lac  Ste.  Anne  in  1997,  there  were  detections  of  one 
pesticide  (MCPA)  in  both  basins  of  Lac  Ste.  Anne,  but  these  were  at  very  low  concentrations.  This 
compound  is  used  for  broadleaf  weed  control  on  crops.  The  highest  concentration  measured 
(0.009  jug/L)  is  far  below  2.6  g-g/L,  the  interim  Canadian  Water  Quality  Guideline  (CWQG)  for  the 
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protection  of  aquatic  life,  and  would  not  pose  any  threat  to  fish  in  the  lake.  There  was  also  one 
instance  of  2,4-D  in  the  West  Basin,  also  at  a very  low  concentration.  All  pesticides  were  below  the 
analytical  detection  limit  in  the  outflows  from  both  lakes. 

Pesticides  occurred  more  frequently  in  some  of  the  stream  samples.  MCPA  was  present 
at  a very  low  concentration  in  Mission  Creek.  Pesticides  measured  in  the  Sturgeon  River  above  Lake 
Isle  included  the  herbicides  2,4-D,  Diuron  (Karmex)  and  Picloram  (Tordon).  The  herbicide  2,4-D  is 
used  for  broadleaf  weed  control  and  is  frequently  present  in  low  concentrations  in  surface  waters.  For 
example,  during  a study  to  assess  the  effects  of  agriculture  on  water  quality  (CAES A 1998),  it  was 
detected  in  about  one-third  of  samples  collected  from  streams  in  areas  with  high  and  moderate 
agricultural  intensity.  On  our  major  rivers,  it  also  tends  to  be  higher  downstream  of  urban  centres 
than  upstream.  The  concentration  measured  in  the  Sturgeon  River  (0.07  pg/L)  was  well  below  the 
CWQG  for  the  protection  of  aquatic  life  (4.0  |ig/L).  The  general  herbicide  Diuron  was  present  at  a 
very  low  concentration  in  the  Sturgeon  River  (0.714  pg/L).  At  present,  there  is  only  a CWQG 
drinking  water  guideline  for  Diuron  (150  pg/L),  which  is  not  appropriate  to  use  to  interpret  data  from 
untreated  stream  water.  Similarly,  the  concentration  of  Picloram  in  the  Sturgeon  (0.18  pg/L)  was  well 
below  the  interim  CWQG  for  the  protection  of  aquatic  life  of  29  pg/L.  Although  these  levels  should 
not  be  a cause  for  alarm,  they  do  indicate  that  pesticides  are  moving  from  the  land  into  surface  waters, 
and  extra  care  should  be  used  in  their  application. 

3.3  NUTRIENT  LOADING 

3.3.1  Lake  Isle 

The  largest  stream  inflow  to  Lake  Isle  is  the  Sturgeon  River.  Figure  6 shows  the  flow  rate 
and  total  phosphoms  (TP)  concentrations  measured  during  the  summers  of  1996  and  1997  in  this 
stream.  The  pattern  of  flow  and  concentration  over  the  summer  was  remarkably  similar  in  the  two 
years.  Note  that  the  highest  phosphorus  concentrations  both  years  occurred  in  the  spring,  whereas  the 
highest  flow  rate  occurred  during  a major  rainstorm  at  the  end  of  June.  Phosphorus  concentrations 
increased  during  the  1 996  storm  event,  but  in  1 997  runoff  was  so  great  that  concentrations  decreased 
due  to  dilution.  Although  spring  is  usually  the  period  of  greatest  nutrient  loading  to  the  lake,  summer 
storms  can  contribute  a considerable  supply  of  phosphorus  as  well. 

Table  7 shows  phosphoms  loads  in  kilograms  calculated  for  Lake  Isle  watershed  streams 
during  March  - September  1997.  Tributary  numbers  listed  in  the  table  refer  to  those  in  Table  1 and 
Figure  1 . The  “diffuse  and  other  streams”  listing  includes  streams  not  sampled  and  water  that  flows 
directly  to  the  lake  without  gathering  in  discrete  water  courses  (about  28%  of  the  total  watershed 
inflow  and  phosphoms  supply).  The  Sturgeon  River  accounted  for  about  half  of  the  total  water 


Figure  6.  Flow  and  total  phosphorus  concentration  in  the  Sturgeon  River 
at  Magnolia  Bridge,  1996  and  1997. 
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Table  7.  Watershed  total  phosphorus  (TP)  and  dissolved  phosphorus  (Diss.  P) 
loading  to  Lake  Isle,  March  - September  1 997. 


TP 

Load, 

kg 

Diss.  P 
Load, 
kg 

Average  TP 
Concentration*, 
ng/L 

TP  Export 
Rate, 
mg/m2 

Watershed 

Area, 

km2 

Flow 
Volume, 
million  m3 

Sturgeon  River 

4138 

2520 

238 

34 

123.0 

17.39 

Trib.  7 

266 

225 

347 

50 

5.32 

0.764 

Trib.  8 

121 

70 

139 

19 

6.07 

0.871 

Trib.  1 1 

1130 

703 

202 

29 

38.85 

5.574 

Trib.  20 

457 

435 

341 

49 

9.34 

1.34 

Diffuse  and 
other  streams 

2122 

1244 

238 

34 

63.11 

9.19 

Total/Average 

8234 

5197 

234 

34 

245.69 

35.129 

* flow-weighted  average 


inflow  and  TP  supply  from  the  watershed  into  Lake  Isle  in  1997  (and  in  1996  - see  the  table  in 
Mitchell  1997).  The  average  concentration  (flow-weighted  mean)  of  TP  in  the  Sturgeon  River  above 
Lake  Isle  was  lower  in  1997  than  in  1996  (1996  TP  concentration  = 345  pg/L).  All  of  these  streams 
had  phosphorus  concentrations  that  were  fairly  similar,  perhaps  suggesting  that  there  is  not  a single 
“hot  spot”  in  the  watershed  that  contributes  a major  portion  of  the  external  phosphorus  supply. 

Algae  and  shoreline  vegetation  can  use  only  a portion  of  the  phosphorus  measured  as 
“total.”  A better  estimate  of  biologically  available  phosphorus  is  analysed  on  a water  sample  that  has 
been  filtered;  this  is  called  dissolved  phosphorus.  When  the  ratio  of  dissolved  phosphorus  to  total 
phosphorus  (TP)  is  low,  the  water  may  contain  silt  or  particles  of  material  that  are  not  readily  usable 
by  plants  for  their  growth.  Conversely,  a high  ratio  may  indicate  excessive  use  of  inorganic  fertilizer, 
or  more  likely,  there  is  an  organic  source  such  as  sewage  or  manure.  For  example,  90%  of  the 
phosphorus  in  treated  sewage  effluent  is  dissolved.  Since  every  sample  collected  on  Lake  Isle  inflow 
streams  was  analysed  for  both  total  and  dissolved  phosphorus,  we  can  compare  the  percentage  of 
dissolved  phosphorus  among  the  streams.  The  Sturgeon  River,  Trib  11  and  Trib  8 had  about  65% 
dissolved  phosphorus,  whereas  Tribs  7 and  20,  as  well  as  several  tiny  streams  on  the  north  side  of  the 
lake,  had  about  83%  dissolved  phosphorus.  This  high  proportion  of  dissolved  phosphorus  does  not 
necessarily  mean  that  sewage  or  manure  is  getting  into  the  creek,  but  it  may  warrant  further 
investigation. 

Nitrogen  was  also  measured  in  these  streams.  Nitrogen  concentrations  and  loads  were 
generally  high  when  phosphorus  was  high.  For  example,  in  Tributary  11,  total  nitrogen  averaged 
2481  pg/L  and  total  phosphorus  averaged  240  pg/L  in  April  1997,  whereas  total  nitrogen  was 
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1106  jug/L  and  TP  was  110  pg/L  in  September  1997.  The  nitrogen  concentration  is  usually  up  to  10 
times  higher  than  the  phosphorus  concentration  in  a particular  stream. 

Table  8 summarizes  phosphorus  loading  from  all  estimated  sources  for  Lake  Isle  in  1996, 
1997  and  1998.  The  internal  phosphorus  supply  was  higher  each  succeeding  year,  not  only  in 
absolute  numbers  but  also  in  the  percentage  of  the  total  amount  of  phosphorus  entering  the  lake 
during  the  year.  The  TP  supply  contributed  by  the  watershed  was  slightly  lower  in  1997  than  in  1996, 
because  the  phosphorus  concentration  was  lower.  The  loading  for  1997  was  remarkably  similar  to 
that  estimated  for  the  long  term  (24,300  kg;  see  Mitchell  1997)  even  though  the  amount  of  water 
entering  the  lake  from  the  watershed  in  1997  was  about  twice  the  long-term  inflow  volume 
(17.8  million  m3).  The  1998  estimate  in  the  table  is  based  on  the  amount  of  internal  phosphorus 
loading  that  would  be  required  to  produce  the  observed  phosphorus  concentration  in  the  lake,  given 
the  amount  estimated  to  come  from  the  watershed  and  other  sources.  The  loading  from  the  watershed 
in  1998  was  several  times  lower  than  in  the  two  previous  years  because  the  amount  of  water  entering 
the  lake  was  so  much  lower.  In  spite  of  this,  the  total  supply  of  TP  for  1998  was  higher  than  in  the 
previous  two  years,  because  the  internal  supply  was  so  much  higher.  Although  the  internal  load 
calculated  for  1998  was  much  less  precise  than  for  the  other  two  years,  the  very  high  phosphorus 
concentration  in  the  lake  in  1998  lends  weight  to  the  estimate. 

For  all  years  presented  in  the  table,  the  potential  input  from  sewage  is  based  on  a 
calculated  number  that  assumes  cottages,  recreational  and  institutional  developments  without  pump- 
out systems  are  a source  of  phosphorus.  Present  information  indicates  that  the  number  of  cottages  on 
Lake  Isle  has  not  increased  substantially  since  the  last  phosphoms  budget  was  done.  In  the  mid- 
1980s,  the  counties  and  summer  villages  provided  information  on  the  number  of  developed  lots  (736) 
during  preparation  of  a phosphoms  budget  that  was  included  in  the  Lake  Isle  chapter  in  the 


Table  8.  Total  phosphorus  loading  to  Lake  Isle  in  1996, 1997  and  estimated  for 
1998  (through  August).  Loads  in  kilograms  per  year. 

| Source 

1996 

% of 
Total 

1997 

%of 

Total 

1998 

%of 

Total 

Watershed 

9246 

53% 

8234 

35% 

1687 

6% 

Atmospheric 

Deposition 

469 

3% 

469 

2% 

469 

2% 

Net  Internal  Load 

7000 

40% 

14000 

60% 

24000 

89% 

Sewage  (Potential) 

700 

4% 

700 

3% 

700 

3% 

Total 

17415 

100% 

23403 

100% 

26856 

100% 

Watershed 
Inflow,  m3 

26.8  million 

35.6  million 

4.82  million 
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Atlas  of  Alberta  Lakes.  The  latest  information  from  the  County  of  Parkland  and  the  County  of  Lac 
Ste.  Anne  indicates  there  are  741  developed  lots  around  the  lakeshore,  including  those  in  Gainford, 
the  summer  villages,  various  subdivisions,  farmsteads  and  recreational  properties  within  2 km  of  the 
lakeshore  (D.Badry,  L.  Szybunka,  pers.  comm.).  There  has  been  no  detailed  user  survey  on  Lake  Isle, 
as  occurred  on  Lac  Ste.  Anne  in  the  late  1970s.  The  phosphorus  contribution  from  sewage  (1275  kg 
TP)  reported  in  earlier  publications  (including  the  Atlas),  included  pump-outs,  because  the  number  of 
cottages  and  camps  with  pump-out  systems  was  not  known.  The  1997  survey  was  used  to  estimate 
the  number  of  pump-out  systems  (approximately  50%  of  cottages),  and  the  amount  of  use  of  cottages. 
The  value  for  the  potential  contribution  of  phosphorus  from  sewage  in  Table  8 is  considerably  lower 
than  reported  earlier,  simply  because  cottages  with  pump-outs  were  excluded.  These  estimates  are 
strictly  “ballpark”,  and  serve  only  to  put  other  phosphorus  supply  estimates  into  perspective.  Further 
refinements  of  the  sewage  estimates  will  require  a detailed  survey  around  the  lake. 

3.3.2  Lac  Ste.  Anne 

The  Sturgeon  River  draining  from  Lake  Isle  is  the  largest  watershed  contributor  of 
nutrients  and  water  to  Lac  Ste.  Anne.  Figure  7 shows  flow  and  TP  concentrations  measured  in  the 
river  at  the  road  crossing  west  of  Darwell  in  1996  and  1997.  This  measuring  site  includes  the 
contributions  from  Tributaries  5 and  21,  which  amounted  to  about  15%  of  the  flow  in  the  Sturgeon 
River  for  the  1997  sampling  season.  For  both  1996  and  1997,  flow  rates  were  high  after  spring  runoff 
as  well  as  during  a summer  rainstorm  at  the  end  of  June.  The  highest  phosphorus  concentrations 
occurred  in  spring  both  years,  and  there  was  another  small  increase  in  concentration  after  the  June 
rainstorm.  Because  the  Sturgeon  River  above  Lac  Ste.  Anne  drains  from  Lake  Isle,  its  flow  is  steadier 
than  tributaries  without  upstream  lakes,  such  as  Mission  Creek. 

Figure  8 shows  similar  types  of  data  for  Mission  Creek.  As  in  the  Lake  Isle  streams,  the 
two  years  were  similar  in  terms  of  patterns  of  flow  and  concentration  over  the  season.  Flow  in  the 
creek  was  highest  during  the  late  June  rainstorm  both  years,  but  the  duration  of  flow  at  that  time  was 
short.  Therefore,  the  greatest  loading  of  phosphorus  occurred  in  spring,  when  phosphorus 
concentrations  were  high,  but  flow  was  somewhat  lower  than  in  summer. 

Table  9 summarizes  watershed  phosphorus  loading  to  Lac  Ste.  Anne  during  March  - 
September  1997.  Tributary  numbers  listed  in  the  table  refer  to  those  in  Table  1 and  Figure  1.  The 
“diffuse  and  other  streams”  listing  includes  streams  not  sampled  and  water  that  flows  directly  to  the 
lake  without  gathering  in  discrete  water  courses  (about  18%  of  the  total  amount  of  water  draining  to 
the  lake  from  the  watershed  and  22%  of  the  watershed  phosphorus  supply).  The  Sturgeon  River 
draining  from  Lake  Isle  contributed  about  a third  of  the  watershed  phosphorus  supply  to  Lac  Ste. 


Figure  7.  Flow  and  total  phosphorus  concentration  in  the  Sturgeon  River 
at  Darwell,  1996  and  1997. 


Figure  8.  Flow  and  total  phosphorus  concentration  in  Mission  Creek, 
1996  and  1997. 
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Table  9.  Watershed  total  phosphorus  (TP)  and  dissolved  phosphorus  (Diss.  P) 
loading  to  Lac  Ste.  Anne,  March  - September  1997. 

TP  Load, 
kg 

Diss.  P 
Load, 
kg 

Average 
TP  Cone.* 
pg/L 

TP  Export 
Rate**, 
mg/m2 

Watershed 
Area,  km2 

Flow 
Volume, 
million  m3 

Sturgeon  River  west 
of  Darwell  (excludes 
Trib  5) 

5732 

3907 

160 

n.a. 

n.a. 

35.84 

Trib.  5 

1064 

807 

223 

32 

33.26 

4.77 

Trib.  2 

1259 

903 

189 

27 

46.35 

6.65 

Trib.  23  (Val  Quentin) 

1301 

1139 

453 

65 

20.05 

2.88 

Trib  22  (Mission) 

4431 

3323 

268 

38 

115.40 

16.56 

Diffuse  and  other 
streams 

3799 

2849 

268 

35 

107.64 

14.19 

Total/Average 

17586 

12928 

217 

37 

322.7 

80.89 

* Flow-weighted  average 

** Export  is  movement  of  phosphorus  from  watershed  land  area  to  lake. 

Anne  in  1997.  Mission  Creek  is  also  a major  contributor.  Note  that  the  average  phosphorus 
concentration  was  highest  in  Val  Quentin  Creek,  as  it  was  in  1996.  Even  though  this  creek  is 
relatively  small,  another  survey  should  perhaps  be  conducted.  The  average  phosphorus  concentration 
in  these  creeks  was  somewhat  lower  in  1997  than  in  1996,  but  the  total  load  of  phosphorus  was  much 
higher  (nearly  double)  because  the  flow  volume  entering  the  lake  was  higher. 

As  with  the  Lake  Isle  tributaries,  dissolved  phosphorus  was  measured  in  the  Lac  Ste. 
Anne  streams  each  time  a sample  was  collected.  Dissolved  phosphorus  loads  are  shown  in  Table  9 
for  1997.  Dissolved  phosphorus  averaged  about  65%  of  TP  for  the  Sturgeon  River  at  Darwell, 
whereas  in  Val  Quentin  Creek,  the  percentage  of  dissolved  phosphorus  averaged  85%.  Mission  Creek 
samples  averaged  about  74%  dissolved  phosphorus,  which  was  also  the  overall  average  for  the  ratio 
of  dissolved  phosphorus  to  TP  for  the  Lac  Ste.  Anne  streams  in  1997.  This  overall  average  was 
somewhat  higher  in  the  Lac  Ste.  Anne  streams  than  in  those  flowing  into  Lake  Isle  (74%  for  Lac  Ste. 
Anne,  63%  for  Lake  Isle),  for  unknown  reasons.  Because  plants  in  the  lake  use  a form  of  dissolved 
phosphorus  for  their  growth,  streams  that  contain  a high  proportion  of  dissolved  to  total  phosphorus 
should  probably  be  investigated  further. 

Nitrogen  was  measured  in  these  streams  as  well,  and  as  in  Lake  Isle,  was  generally 
correlated  with  phosphorus  concentrations.  For  example,  in  Mission  Creek,  the  phosphorus 
concentration  averaged  768  pg/L  in  March  1997  and  the  total  nitrogen  concentration  4968  pg/L, 
whereas  in  July  1997,  the  phosphorus  concentration  averaged  179  pg/L  and  nitrogen  1896  pg/L. 
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Concentrations  of  total  nitrogen  are  usually  about  10  times  higher  than  concentrations  of  total 
phosphorus. 

Table  10  summarizes  phosphorus  loading  to  Lac  Ste.  Anne  in  1996,  1997  and  1998.  As 
would  be  expected,  the  year  with  the  poorest  water  quality  (1997)  had  the  highest  TP  load.  Much  of 
the  phosphorus  loading  to  the  lake  came  from  the  bottom  sediments  that  year,  but  the  load  from  the 
watershed  was  also  high.  In  1998,  the  load  from  the  watershed  was  low,  but  the  internal  supply  was 
high.  As  with  Lake  Isle,  data  were  not  available  to  calculate  an  internal  load  in  1998;  the  estimate  in 
the  table  is  based  on  the  amount  of  internal  phosphorus  loading  that  would  be  required  to  produce  the 
observed  phosphorus  concentration  in  the  lake  in  1998,  given  the  amount  estimated  to  come  from  the 
watershed  and  other  sources.  For  all  internal  load  estimates,  the  potential  supply  from  sewage  has 
been  subtracted,  because  the  net  internal  load  calculated  for  the  lake  would  include  the  amount 
contributed  by  sewage. 

The  potential  supply  from  sewage  in  Table  10  excludes  cottages  with  pump-out  systems 
and  those  on  the  Tri- Village  sewer.  The  remaining  supply  from  cottages  was  updated  slightly  with 
new  information  from  a cottage  survey  conducted  in  1997  and  new  estimates  of  the  number  of 
cottages  on  the  lake.  The  number  of  developed  parcels  in  subdivisions  within  about  2 km  of  Lac  Ste. 
Anne  in  the  County  of  Lac  Ste.  Anne  is  estimated  to  be  392,  and  the  number  outside  of  subdivisions 
(mainly  farmsteads)  is  estimated  to  be  about  110  (L.  Szybunka,  pers.  comm).  These  numbers  are 
approximate,  because  although  the  number  of  parcels  of  land  is  known,  the  number  of  residences  built 
on  all  of  these  parcels  is  not.  The  number  of  cottages  in  summer  villages  not  on  the  Tri-Village  sewer 
is  estimated  to  be  932  (total  on  Tri- Village  sewer  =843).  The  potential  phosphorus  supply  from 
sewage  sources  estimated  in  Table  10  is  about  the  same  as  that  that  reported  in  a previous  report 


Table  10.  Phosphorus  loading  to  Lac  Ste.  Anne  in  1996  and  1997  and  estimated 
for  1998  (through  August).  Loads  in  kilograms  per  year. 

Source 

1996 

% of 
Total 

1997 

% of 
Total 

1998 

% of 
Total 

Watershed 

4593 

18% 

11854 

28% 

1777 

9% 

From  Lake  Isle 

5014 

20% 

5732 

14% 

943 

5% 

Atmospheric 

Deposition 

1068 

4% 

1068 

2% 

1068 

5% 

Net  Internal  Load 

13200 

53% 

22110 

53% 

15100 

75% 

Sewage  (Potential) 

1272 

5% 

1272 

3% 

1272 

6% 

Total 

25147 

100% 

42036 

100% 

20160 

100% 

Watershed 
Inflow,  m3 

52  million 

81  million 

8.9  million 
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(1300  kg,  Mitchell  1997),  which  also  excluded  pump-out  systems.  However,  the  1300  kg  was  based 
on  user  information  from  the  early  1980s  before  the  Tri-Village  sewer  system  was  built.  It  appears 
that  a small  amount  of  new  development  and  greater  cottage  use  has  occurred  on  Lac  Ste.  Anne  since 
then,  but  the  potential  increase  in  the  TP  contribution  from  sewage  was  offset  because  the  cottages  on 
the  sewer  were  deducted.  As  with  Lake  Isle,  these  figures  are  very  rough  and  should  be  used  only  to 
compare  with  the  contribution  from  other  phosphorus  sources.  Further  refinement  would  require  a 
detailed  survey  around  the  lakeshore. 

The  phosphorus  supply  for  all  three  years  was  higher  than  that  estimated  for  the  long 
term  (15,800  kilograms).  This  is  largely  because  the  internal  phosphorus  load  estimated  for  the  long- 
term calculation,  based  on  1984  lake  data,  was  only  7500  kg.  Note  also  that  the  amount  of  water 
entering  the  lake  in  a year  was  very  much  lower  in  1998  than  in  the  other  two  years.  In  spite  of  this, 
the  total  supply  of  phosphorus  for  the  year  is  not  much  different  from  that  in  1996,  when  over  five 
times  more  runoff  water  entered  the  lake.  As  well,  the  1998  data  do  not  include  the  amount  entering 
the  lake  in  fall,  because  fall  inflow  data  were  not  available  at  the  time  this  report  was  being  written. 

3.3.3  Effect  of  Reducing  Watershed  Nutrient  Loads 

In  any  given  year,  one  determining  factor  for  water  quality  in  these  lakes  is  the  amount  of 
water  that  the  lakes  receive  from  runoff  during  snowmelt  and  rainstorms.  The  two  study  years  for 
which  inflow  streams  were  measured  had  higher  than  average  inflows.  In  the  third  year,  1998,  inflow 
volumes  were  well  below  average.  Although  it  would  seem  reasonable  that  the  lakes  would  have 
better  water  quality  when  they  are  highly  flushed,  that  is,  when  they  receive  high  inflows,  this  does 
not  seem  to  be  the  case.  Lac  Ste.  Anne  had  the  highest  inflow  in  1997,  but  the  poorest  water  quality 
in  terms  of  the  amount  of  algal  growth.  Conversely,  in  the  low-runoff  year  1998  water  quality 
improved.  Although  it  is  tempting  to  draw  conclusions  about  this,  the  opposite  was  true  in  Lake  Isle 
- the  worst  water  quality  occurred  in  1998  when  watershed  loading  was  minimal.  It  is  obvious  that 
factors  governing  water  quality  in  lakes  are  complex,  but  reducing  the  nutrient  supply  from  the 
watershed  must  be  the  long-term  goal  for  lake  protection. 

Nutrients  in  inflow  streams  cannot  be  eliminated  entirely.  The  goal  in  the  Lake  Isle  - Lac 
Ste.  Anne  watershed  should  be  to  reduce  the  nutrient  supply  as  much  as  possible  by  cleaning  up 
phosphorus  sources.  Realistic  targets  should  be  set  to  determine  whether  particular  subwatersheds 
have  been  successfully  rehabilitated.  A target  could  be  set  based  on  concentration,  on  load  or  on 
export  from  a particular  area  of  watershed.  Because  the  amount  of  runoff  cannot  be  controlled,  and 
the  nutrient  load  is  dependent  on  flow,  the  simplest  way  would  be  to  look  only  at  concentration.  One 
approach  might  be  to  arbitrarily  set  the  target  for  each  stream  at  50%  of  the  average  measured 
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concentration  during  1996-97.  This  would  mean  that  obviously  impacted  streams,  such  as  Val 
Quentin  Creek,  would  have  concentrations  reduced  only  to  existing  levels  in  less  impacted  streams. 

As  well,  50%  of  the  concentration  in  less  impacted  streams  may  not  be  achievable  (for  example 
Tributary  1 1 to  Lake  Isle  would  have  a target  TP  concentration  of  100  pg/L,  which  is  very  low  for 
streams  in  the  area). 

On  Pine  Lake,  the  proposed  restoration  target  was  the  concentration  in  the  stream  with 
the  lowest  average  concentration  of  the  seven  streams  monitored  (132  gg/L).  This  concentration  is 
similar  to  that  in  forested  streams  draining  to  Wabamun  and  Baptiste  lakes.  The  lowest  average 
concentration  measured  in  the  Lake  Isle-Lac  Ste.  Anne  tributaries  was  very  similar  to  this  value, 

139  pg/L  (Tributary  8 draining  to  Lake  Isle,  in  1997).  This  seems  like  a realistic  target  concentration 
for  the  Lake  Isle-Lac  Ste.  Anne  watershed. 

To  see  what  effect  this  concentration  might  have  on  stream  loads  and  lake  water  quality, 
the  BATHTUB  model  was  run  with  this  lower  phosphorus  concentration  in  all  the  tributary  streams. 
Figure  9 shows  the  measured  phosphorus  loads  (“Observed”)  and  those  resulting  when  a target 
phosphorus  concentration  of  139  pg/L  is  used  (“Reduced”)  instead  of  the  measured  concentrations  in 
the  tributaries  draining  to  both  lakes.  The  Sturgeon  River  inflow  to  Lac  Ste.  Anne  from  Lake  Isle  was 
not  included  in  this  assessment,  because  its  concentration  depends  on  the  concentration  in  Lake  Isle. 

If  these  watersheds  could  be  returned  to  their  pre-development,  forested  condition  - so 
that  average  phosphorus  concentrations  are  reduced  to  those  measured  in  Tributary  8 - there  would  be 
a dramatic  reduction  in  phosphorus  loading  from  the  watershed.  However,  the  effect  on  the  total 
phosphorus  supply  is  much  less  dramatic,  because  other  sources,  especially  the  internal  supply,  would 
continue  to  contribute  to  the  lakes’  poor  water  quality  (Figure  10).  For  Lake  Isle,  the  reduced 
watershed  loading  reduces  the  overall  phosphoms  supply  by  only  14%  in  1997,  when  the  internal  TP 
supply  was  high,  but  by  32%  in  1996  when  the  internal  supply  was  lower.  Similarly,  in  Lac  Ste.  Anne 
the  total  supply  is  reduced  by  15%  in  1997  when  the  watershed  loading  was  high,  but  only  by  10%  in 
1996  when  the  internal  load  and  the  loading  from  Lake  Isle  was  a higher  proportion  of  the  total. 

BATHTUB  runs  with  these  reduced  watershed  phosphoms  concentrations  revealed  that 
phosphoms  and  chlorophyll  a concentrations  in  the  lakes  would  be  relatively  unaffected  for  those 
years  when  the  internal  phosphoms  supply  was  high.  In  Lake  Isle  in  1996,  however,  the  reduced 
watershed  concentrations  resulted  in  a reduction  of  the  summer  average  chlorophyll  a concentration 
to  about  half,  mainly  because  the  internal  phosphoms  supply  was  low.  The  lake  would  appear  much 
less  green  under  these  circumstances.  But  in  1997,  the  watershed  reduction  produced  such  a minimal 
decrease  in  chlorophyll  a levels  that  it  would  not  have  been  visible  to  lake  users.  This  was  the  same 


Figure  9.  Observed  and  reduced  loads  of  total  phosphorus  in  watershed  tributaries  of  Lake  Isle  and  Lac  Ste.  Anne. 

"Reduced"  = average  concentration  in  all  streams  reduced  to  139  |jg/L  through  watershed 
rehabilitation  (see  text).  Inflow  to  Lac  Ste.  Anne  from  Lake  Isle  not  included. 
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Figure  10.  Observed  total  supply  of  phosphorus  to  Lake  Isle  and  Lac  Ste.  Anne  (sum  of  all  sources),  and  loads 
reduced  through  watershed  rehabilitation.  "Reduced"  assumes  that  the  average  total  phosphorus 
concentration  in  streams  could  be  reduced  to  139  pg/L  and  all  other  inputs  remain  as  in  Tables  8 and  10. 
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situation  for  both  years  on  Lac  Ste.  Anne  - the  reduced  concentrations  in  inflow  streams  probably 
would  not  have  resulted  in  a visible  change  in  water  quality.  All  of  the  above  relates  to  the  initial 
condition.  A reduction  in  the  phosphorus  supply  from  the  watershed  should  eventually  result  in  a 
reduced  internal  supply  as  well  (see  Discussion  below). 

4.0  DISCUSSION 

Lac  Ste.  Anne  and  Lake  Isle  are  highly  productive  water  bodies  that  often  cause  lake 
users  great  concern  during  summer.  Intense  blue-green  algal  blooms  make  the  water  in  both  lakes 
unattractive  for  recreation,  and  it  can  be  potentially  dangerous  if  toxic  strains  of  the  common  bloom- 
forming species  should  occur.  The  most  intensive  blooms  usually  coincide  with  warm,  calm  periods 
in  mid-  to  late  summer  when  people  want  to  use  the  lake  for  swimming  and  boating.  This  condition 
is  maintained  by  nutrient  loading  to  the  lakes. 

There  is  evidence  from  the  sediment  cores  taken  from  each  lake  that  the  lakes  are  more 
eutrophic  than  they  were  50  or  more  years  ago  (Blais  et.  al.  1999).  The  core  data  also  suggest  that 
both  lakes  have  always  been  quite  productive,  with  algal  blooms,  macrophyte  growth  and  periods  of 
oxygen  depletion  near  the  lake  bottom  during  summer  and  winter.  The  water  quality  data  collected 
since  1983  suggest  no  obvious  trends  for  total  phosphorus  and  chlorophyll  a in  Lake  Isle  and  the 
main  basin  of  Lac  Ste.  Anne,  but  there  is  a suggestion  of  an  upward  trend  in  these  characteristics  in 
Lac  Ste.  Anne  West  Basin.  However,  the  time  frame  for  the  sampling  programs  on  these  lakes  is 
much  too  short  to  assess  trends  with  certainty.  It  seems  possible  that  the  lakes,  or  at  least  Lac  Ste. 
Anne,  have  moved  from  the  eutrophic  to  the  hypereutrophic  category  over  the  past  half-century. 

The  reason  the  lakes  have  become  more  productive  is  an  increase  in  the  supply  of 
nutrients  over  this  time  frame.  Phosphorus  and  nitrogen  are  present  in  soils  and  organic  material  in 
the  watershed,  and  these  nutrients  have  always  been  there.  But  in  a natural  landscape,  vegetation  ties 
up  nutrients  and  prevents  soil  from  eroding.  Human  development  removes  vegetation,  compacts  the 
soils,  flattens  depressions  in  the  landscape  and  increases  impervious  surfaces  like  roads.  As  a result, 
the  amount  of  nitrogen  and  phosphorus  moving  from  the  land  to  the  lake  increases  - perhaps  as  much 
as  10  times  more.  As  well,  cottage  development  provides  new  sources  of  nutrients  in  the  form  of 
sewage  effluent  and  fertilizer  and  agricultural  development  provides  it  in  the  form  of  livestock 
manure  and  perhaps  fertilizer  as  well 

The  key  to  improving  water  quality  is  to  reduce  the  external  supply  of  nutrients  from  all 
possible  sources.  It  is  not  possible  to  lower  the  lakes’  fertility  enough  to  make  mesotrophic  lakes  of 
them  (such  as  Sylvan  Lake),  because  according  to  the  coring  information,  they  were  never  like  this. 

In  all  likelihood,  it  would  not  even  be  possible  to  reduce  the  nutrient  supply  to  levels  that  occurred 
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100  or  more  years  ago.  But  we  should  be  able  to  reduce  it  enough  to  move  the  lakes  back  to  being 
eutrophic  rather  than  hyper-eutrophic,  as  they  are  now.  More  importantly,  the  nutrient  supply  needs 
to  be  reduced  to  prevent  further  deterioration  in  these  lakes.  The  focus  of  nutrient  reduction  work  is 
on  phosphorus,  because  it  is  the  limiting  nutrient  in  the  lakes.  If  phosphorus  is  reduced  in  watershed 
sources,  nitrogen  will  most  likely  be  reduced  as  well. 

4.1  LAKE  RESTORATION  BY  REDUCING  PHOSPHORUS  SUPPLIES 

4.1.1  Atmospheric  Deposition 

Virtually  nothing  can  be  done  about  atmospheric  deposition  of  nutrients  except  perhaps  to 
control  dust  on  roads  and  fields. 

4.1.2  Sewage 

Of  the  major  sources  of  phosphorus  (see  Tables  8 and  10),  the  easiest  to  control  is 
sewage.  It  is  potentially  possible  to  remove  all  of  the  loading  from  sewage  sources.  Although  the 
phosphorus  loading  assessments  suggest  that  the  contribution  from  sewage  forms  a small  part  of  the 
total  supply  to  the  lake,  there  are  very  good  reasons  to  control  the  leakage  from  septic  systems. 
Sewage  contains  very  high  concentrations  of  phosphorus  and  nitrogen  that  are  readily  taken  up  by 
plants  for  their  growth  (highly  bioavailable).  Even  if  a leaking  system  does  not  affect  the  lake  as  a 
whole,  it  could  have  local  impacts  on  plant  populations  in  the  area  of  the  leakage.  As  well  as  being 
illegal,  there  are  health  implications  for  lake  users  in  the  vicinity  of  a leaking  septic  field.  Another 
factor  that  is  not  well  understood  is  the  possible  incremental  effect  of  sewage  leaking  into  the  lake 
year  after  year.  Shoreline  sediments  could  become  “saturated”  with  phosphorus  from  leaking  systems 
and  move  into  deeper  water  or  along  the  shoreline,  causing  increased  plant  growth  even  in  areas  not 
affected  by  cottage  development.  In  turn,  the  lake’s  productivity  could  increase  year  by  year  as  these 
phosphorus-laden  sediments  interact  with  lake  water.  Thus,  the  phosphorus  contribution  from  sewage 
may  be  more  important  than  the  phosphorus  budget  suggests. 

Properly  constructed  and  maintained  septic  systems  should  not  leak  sewage  to  the  lake, 
no  matter  what  type  of  system  is  used  (pit  privy,  pump-out  or  septic  field).  The  type  of  soil  that  the 
pit  privy  or  septic  field  is  in  is  important.  Generally,  smaller  sized  soil  particles  are  able  to  absorb 
more  phosphorus  than  larger  particles,  but  can  accommodate  a lesser  volume  of  wastewater.  Sand 
and  gravel  are  least  capable  of  phosphorus  removal.  A percolation  test  may  not  give  the  best 
guidance  for  phosphorus  removal,  but  should  be  done  anyway  to  determine  the  porosity  of  the  soil.  It 
should  be  done  in  spring,  when  the  water  table  is  highest.  There  should  be  a large  volume  of  soil 
between  a septic  field  or  outhouse  and  the  water  table. 
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Pump-out  tanks  would  seem  to  solve  the  problem,  but  they  are  far  from  infallible.  There 
have  been  cases  of  people  punching  holes  in  the  bottom  of  their  tanks  so  they  wouldn’t  have  to  have 
them  pumped  out.  There  have  also  been  examples  of  sewage  truck  operators  dumping  their  load  in 
nearby  ditches.  Responsible  cottage  owners  should  determine  where  hauled  sewage  ends  up, 
preferably  in  approved  sewage  lagoons  or  disposed  of  by  other  approved  methods. 

4.1.3  Watershed 

Although  more  difficult,  phosphorus  loading  from  the  watershed  can  also  be  reduced, 
especially  if  there  are  obvious  sources.  For  both  lakes,  the  stream  sampling  data  indicate  no  major 
sources,  but  rather  fairly  high  nutrient  concentrations  in  most  of  the  streams  draining  the  watershed. 
The  loading  from  the  Sturgeon  River  that  drains  from  Lake  Isle  to  Lac  Ste.  Anne  is  particularly  high. 
If  water  quality  in  Lac  Ste.  Anne  is  to  be  protected,  Lake  Isle  must  also  be  cleaned  up. 

Cottage  owners,  farmers  and  county  staff  should  visually  inspect  their  land  during  runoff 
(especially  in  spring)  to  determine  where  water  is  moving  from  the  land  into  the  lake,  and  what  it 
looks  like.  If  it  is  turbid,  with  a high  flow,  or  if  it  has  an  odour,  the  source  should  be  determined. 
Often,  an  eroding  piece  of  land  can  be  revegetated  to  reduce  the  movement  of  nutrients  from  that 
source.  A highly  visible  area  could  become  a demonstration  project  to  show  what  can  be  done. 
Agricultural  practices  used  on  farm  properties  to  protect  the  environment  can  be  scaled  down  to 
cottage  property.  For  example,  leaving  frost-killed  plants  in  gardens  can  minimize  local  sources  of 
nutrients,  organic  matter,  and  sediments  during  spring  runoff. 

Ways  to  reduce  nutrient  loading  from  livestock  operations  include  keeping  animals  away 
from  streams  and  the  lakeshore,  controlling  runoff  from  manure  stockpiles  or  wintering  areas, 
containing  runoff  in  holding  ponds  and  not  applying  manure  on  frozen  soils. 

There  are  a variety  of  proven  techniques  to  reduce  nutrient  loading  from  watersheds. 
Many  of  these  are  “best  management  practices”  developed  primarily  in  the  United  States  to  reduce 
environmental  impacts  of  agriculture.  Some  can  be  done  with  minimum  effort  and  expense,  through 
simple  housekeeping  measures.  Others  may  require  extensive  engineering  efforts  to  redirect  runoff  or 
contain  it  for  treatment. 

Since  the  CAESA  reports  came  out  (CAES A 1998),  there  is  much  more  interest  in  this 
province  in  reducing  the  impact  of  agricultural  activities  on  surface  waters.  Several  demonstration 
and  investigative  projects  are  now  under  way,  primarily  through  Alberta  Agriculture,  Food  and  Rural 
Development  (S.  Cooke,  pers.  comm.).  For  several  years,  there  has  been  a successful  riparian 
restoration  program  (called  “Cows  and  Fish”)  to  rehabilitate  stream  banks  to  protect  and  improve  fish 
populations.  These  techniques  could  be  used  to  improve  Lac  Ste.  Anne  and  Lake  Isle  streams, 
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thereby  reducing  nutrient  concentrations.  Perhaps  the  most  pertinent  example  is  that  of  Pine  Lake, 
where  cottage  owners,  farmers  and  resort  owners  got  together  to  reduce  the  nutrient  supply  from  the 
watershed  through  a variety  of  rehabilitation  techniques.  Since  the  program  began,  the  Pine  Lake 
Restoration  Society  has  moved  two  cow/calf  wintering  areas,  provided  two  off-lake  watering  sites, 
enlarged  a detention  pond  and  re-routed  drainage  around  a sheep  farm.  As  well,  two  farmers  have 
installed  catch  basins  without  assistance  from  the  Society  (A.  Sosiak,  pers.  comm.). 

4.1.4  Bottom  Sediments 

We  can  only  speculate  about  what  governs  the  amount  of  phosphorus  that  is  released 
from  the  bottom  sediments  each  year.  Scientists  around  the  world  have  attempted  to  understand  the 
factors  that  determine  the  extent  of  internal  loading  in  shallow  lakes.  Even  though  at  least  six 
mechanisms  have  been  identified,  it  is  generally  not  possible  to  determine  which  are  operating  in  a 
particular  lake.  Often,  several  mechanisms  will  operate  at  the  same  time  and  will  vary  in  importance 
from  lake  to  lake,  and  probably  from  year  to  year.  Welch  and  Cooke  (1995)  identified  major 
mechanisms  that  could  be  involved  in  sediment  release  in  shallow  lakes: 

• Resuspension  of  sediment  particles  from  the  bottom  during  wind.  The  particles  are  laden 
with  phosphorus,  which  transfers  to  the  water. 

• High  pH  at  the  bottom,  indirectly  caused  by  actively  growing  algae  in  the  water  column. 
The  high  pH  produces  a chemical  change  in  the  sediments  that  allows  phosphorus  to 
release  from  sediment  particles. 

• Low  dissolved  oxygen  at  the  bottom,  resulting  from  decomposition  of  algae  and  other 
organic  material.  Phosphorus  can  move  out  of  the  sediments  faster  when  dissolved 
oxygen  levels  are  low. 

Weather  conditions  undoubtedly  play  a role.  If  a series  of  warm,  calm  days  occurs  in 
mid-summer  when  the  lakes  are  green,  the  water  overlying  the  sediments  will  become  depleted  of 
dissolved  oxygen,  enhancing  sediment  release.  Then,  if  a windy  day  should  occur,  the  phosphorus- 
enriched  water  at  the  lake  bottom  is  mixed  into  the  upper  part  of  the  lake,  and  growing  algae  take 
advantage  of  the  abundant  nutrient  supply.  Windy  days  may  resuspend  sediments  in  shallower  areas 
and  phosphorus  is  released.  On  the  other  hand,  when  the  lake  is  mixed  during  wind,  dissolved 
oxygen  concentrations  increase  near  the  bottom,  suppressing  release. 

Phosphorus,  pH  and  dissolved  oxygen  data  from  the  lakes  for  three  years  suggest  that  all 
of  these  mechanisms  are  occurring.  Although  the  lakes  weren’t  sampled  frequently  enough  to 
determine  precisely  the  sequence  of  events  leading  to  sediment  release,  there  is  a good  correlation 
between  low  dissolved  oxygen  and  high  phosphorus  concentrations  at  the  lake  bottom. 
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Another  factor  might  be  the  concentration  of  phosphorus  in  the  sediments,  which  would 
be  governed  in  part  by  the  external  phosphorus  supply  in  past  years.  During  years  when  external 
loading  is  high,  the  amount  of  phosphorus  in  the  sediment  accumulates.  This  could  lead  to  greater 
sediment  release.  Conversely,  a series  of  years  when  loading  is  low  might  result  in  lower  sediment 
release  for  one  or  more  years,  even  if  external  loading  is  high. 

There  is  evidence  from  Alberta  lakes  that  there  is  a correlation  between  internal 
phosphorus  loading  and  the  external  phosphorus  supply.  In  other  words,  lakes  with  a high  external 
phosphorus  supply  also  have  a high  internal  phosphorus  load.  The  correlations  are  even  better  when 
the  phosphorus  concentration  in  the  bottom  sediments  are  included  in  the  assessment  - when  the 
external  phosphorus  supply  and  the  sediment  P concentration  are  high,  internal  P loading  is  high 
(Kotak  and  Trew,  unpublished  manuscript).. 

It  stands  to  reason,  then,  that  if  the  external  supply  could  be  reduced,  internal  loading 
would  eventually  decline.  This  occurs  as  the  upper,  phosphorus-rich  layer  of  sediments  are  buried  or 
the  phosphorus  is  converted  to  forms  that  are  less  able  to  leave  the  sediments.  As  the  internal  supply 
declines,  the  amount  of  algae  produced  also  declines,  which  in  turn  improves  the  amount  of  oxygen  at 
the  bottom  of  the  lake  and  also  depresses  internal  loading.  Thus,  the  internal  loading  cycle  is  reversed 
and  water  quality  improves.  The  time  frame  for  this  to  occur  can  be  very  long,  however  - sometimes 
on  the  order  of  decades,  especially  if  enhanced  nutrient  loading  from  human  activities  has  been  under 
way  for  a hundred  years.  For  highly  eutrophic  lakes,  the  external  nutrient  supply  may  need  to  be 
reduced  by  as  much  as  80%  to  effect  a noticeable  change  in  water  quality.  Each  lake  responds 
differently,  however,  so  the  amount  of  reduction  needed  and  the  time  frame  for  results  to  be  seen  is 
very  difficult  to  predict  (Marsden  1989). 

5.0  CONCLUSIONS 

1 . The  basic  water  chemistry  (major  ions,  hardness,  alkalinity)  has  not  changed  in  Lac  Ste. 
Anne  and  Lake  Isle  since  monitoring  began  in  1976,  although  it  does  fluctuate  from  year 
to  year. 

2.  The  lakes  are  shallow  and  therefore  mix  during  windy  periods.  Even  so,  summer  fish 
kills  have  been  recorded  in  both  lakes.  These  are  most  likely  due  to  oxygen  depletion 
during  the  collapse  of  heavy  blue-green  algal  blooms. 

3.  For  the  years  sampled  between  1983  and  1998,  the  highest  average  amount  of 
chlorophyll  a (an  indicator  of  the  amount  of  algae  in  the  water)  occurred  in  1998  in  Lake 
Isle  and  in  1997  in  Lac  Ste.  Anne. 
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4.  Pesticides  are  not  a concern  at  present  in  the  lakes,  but  certain  herbicides  (MCPA,  2,4-D, 
Diuron,  Picloram)  were  present  in  a few  stream  samples.  When  pesticides  are  used  in  the 
watershed,  extra  care  should  be  taken  to  prevent  their  movement  into  the  lakes. 

5.  The  Sturgeon  River  accounted  for  about  half  of  the  total  water  inflow  and  phosphoms 
supply  from  the  watershed  to  Isle  Lake  in  1996  and  1997.  Phosphoms  concentrations  in 
the  other  inflow  streams  were  fairly  similar,  without  any  particular  stream  standing  out  as 
a major  nutrient  contributor. 

6.  The  internal  phosphoms  supply  in  Lake  Isle  accounted  for  40  to  90%  of  the  total  supply 
of  phosphoms  to  the  lake  during  the  study  years,  while  the  potential  supply  from  sewage 
amounted  to  only  3-4%.  It  is  possible  that  sewage  has  had  a greater  effect  on  the  lake 
than  this  low  percentage  reflects. 

7.  The  Sturgeon  River  draining  from  Lake  Isle  was  the  largest  watershed  contributor  of 
phosphoms  and  water  to  Lac  Ste.  Anne,  but  Mission  Creek  was  also  a major  contributor. 
The  highest  phosphoms  concentration  occurred  in  Val  Quentin  Creek. 

8.  The  internal  phosphoms  supply  to  Lac  Ste.  Anne  ranged  from  53  to  75%  of  the  total 
supply  of  phosphoms  to  the  lake  during  the  three  study  years,  whereas  the  potential 
supply  from  sewage  averaged  about  5%  of  the  total.  The  low  percentage  for  sewage  may 
not  reflect  the  actual  impact  it  has  on  the  lake. 

9.  If  the  average  phosphoms  concentration  in  all  watershed  streams  could  be  reduced  to 
139  pg/L  from  their  current  average  of  220  pg/L,  there  would  be  a noticeable 
improvement  in  water  quality  in  years  when  the  internal  phosphoms  supply  was  low,  but 
perhaps  less  immediate  effect  when  it  was  high.  Water  quality  should  improve  over  the 
long  term,  however,  as  the  large  quantities  of  phosphoms  stored  in  the  sediments  are 
depleted. 
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GLOSSARY 

Bioavailable.  There  are  only  certain  forms  of  basic  chemical  elements  that  plants  can  take  up  and 
use  for  growth.  They  are  “available”  or  usable  in  soils  or  water  for  biological  growth  of  plants. 

These  are  simple  compounds  that  are  also  present  in  sewage  (as  well  as  commercial  fertilizer).  When 
we  do  lake  studies,  we  look  at  total  phosphorus  or  nitrogen,  which  includes  both  bioavailable 
nutrients  and  nutrient  compounds  plants  cannot  use  for  growth. 

Diagnostic  study.  A study  to  document  the  nutrient  status  of  a lake  and  to  identify  major  sources  of 
nutrients  and  the  relative  amounts  they  contribute  to  the  lake. 

Diffuse  runoff  areas.  Areas  of  land  in  the  watershed  of  a lake  that  contribute  water  and  nutrients  but 
not  in  defined  channels  or  watercourses.  This  would  also  include  portions  of  the  watershed  that  could 
not  be  accessed  for  sampling. 

Dissolved  phosphorus.  The  phosphorus  that  is  analyzed  in  a water  sample  that  has  been  filtered  to 
remove  particles. 

Export.  The  amount  of  nutrients  carried  off  of  the  land  by  flowing  water.  An  export  coefficient  is 
the  rate  at  which  phosphorus  or  other  nutrients  move,  expressed  as  grams  of  phosphorus  per  square 
metre  of  watershed  per  year. 

Eutrophic.  The  condition  in  a lake  in  which  there  is  an  abundant  supply  of  nutrients  that  promote  the 
growth  of  aquatic  plants.  From  the  Greek,  meaning  “well  nourished.” 

Eutrophication.  The  process  of  nutrient  enrichment  in  a water  body. 

Flow-weighted  mean  concentration.  The  figure  calculated  when  the  total  load  for  a stream  is 
divided  by  the  total  flow  for  a given  period  of  time.  By  calculating  a flow- weigh  ted  rather  than  an 
arithmetic  average,  bias  toward  very  high  or  very  low  concentrations  is  reduced. 

Hydraulic  residence  time.  The  time  it  would  take  for  an  empty  lake  basin  to  fill  based  on  inflow, 
precipitation  and  evaporation  for  a particular  year  or  series  of  years. 

Hyper-eutrophic.  Very  highly  fertile  or  productive.  Lakes  in  this  category  would  have  a nutrient 
supply  that  is  often  in  excess  of  the  needs  of  algae  and  shoreline  vegetation,  so  that  plant  growth 
becomes  a nuisance  for  lake  users. 

Ions.  When  substances  such  as  sodium,  calcium,  magnesium  and  bicarbonate  dissolve  in  water,  they 
disassociate  into  electrically  charged  particles,  termed  ions. 

Morphometry.  The  physical  characteristics  of  a lake  basin  - shape,  size,  depth,  etc. 

Net  internal  phosphorus  load.  The  phosphorus  supply  from  the  bottom  sediments.  Depending  on 
the  method  of  calculation,  it  would  also  include  anything  not  measured  or  estimated,  such  as 
groundwater  inputs.  It  is  called  “net”  because  it  represents  only  the  amount  that  can  be  measured,  not 
the  portion  that  was  released  but  returned  to  the  sediments  during  the  period. 

Nutrient  load.  The  amount  in  kilograms  supplied  by  a nutrient  source  over  a given  time  period.  In 
streams,  it  is  calculated  by  multiplying  the  concentration  in  grams  per  cubic  metre  of  water  by  the 
flow  in  cubic  metres  per  time  period. 
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Secchi  disk.  A circular,  flat  steel  plate  that  is  painted  in  black  and  white  quadrants.  Named  for  its 
Italian  inventor,  it  has  been  used  to  measure  lake  water  transparency  for  over  100  years  and  all  over 
the  world.  The  greater  the  Secchi  depth  in  a lake,  the  clearer  the  water. 

Trophic  indicator.  A substance  or  characteristic  that  indicates  the  fertility  or  nutrient  status  of  water. 
Phosphorus  concentration  is  a trophic  indicator  because  as  it  increases,  the  symptoms  of 
eutrophication  increase. 

Trophic  status.  The  level  of  biological  productivity  of  a lake  based  on  its  nutrient  concentration  or 
the  average  amount  of  algae.  Alberta  lakes  are  often  categorized  by  their  average  summer  level  of 
chlorophyll  a , a measure  of  the  amount  of  suspended  algae  in  the  water.  Highly  productive  lakes  are 
eutrophic  or  hyper-eu trophic. 

Water  column.  The  vertical  cross  section  of  water  from  the  surface  to  the  lake  bottom. 

Whole-basin  composite  sample.  This  is  a water  sample  in  which  portions  of  water  from  various 
parts  of  the  lake  basin  are  combined  into  one  container,  from  which  subsamples  are  taken.  It  is 
designed  to  look  at  the  average  condition  of  the  lake  on  a sampling  day,  as  opposed  to  the  condition  in 
one  specific  area  of  the  lake. 
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Appendix  1.  Physical  and  hydrological  characteristics  of  Lake  Isle  and  Lac  Ste.  Anne. 
Average  annual  hydrological  characteristics  for  period  1981-1996. 


Lake  Isle 

Lac  Ste.  Anne 

Water  Elevation  on  Date  of  Sounding,  m 

730.05 

723.21 

Date  of  Sounding 

Aug.  1963 

June  1965 

Surface  Area,  km2 

23.0 

54.5 

Volume,  million  m3 

94.8 

263 

Maximum  Depth,  m 

7.5 

9.0 

Average  Depth,  m 

4.1 

4.8 

Drainage  Basin  Area,  km2 

246 

619 

Average  Runoff  Inflow,  million  m3/yr 

17.838 

37.426 

Average  Precipitation  onto  Lake,  million  m3/yr 

11.603 

27.495 

Average  Evaporation  from  Lake,  million  m3/yr 

14.933 

35.387 

Average  Outflow  from  Lake,  million  m3/yr 

14.550 

29.770 

Average  Hydraulic  Residence  Time,  years 

6.5 

8.8 

42 


Appendix  2.  Profile  of  Lake  Isle  outlet,  measured  in  July  1998. 

Flow  =0. 026  m 3/s.  Lake  water  level  729.51 0 metres  a.s.l. 

In  1 998,  the  Lac  Ste.  Anne  and  Lake  Isle  Water  Quality  Management  Society  requested  that  the  outlet 
of  Lake  Isle  be  measured  as  a first  step  toward  determining  whether  outflow  could  be  enhanced  or 
controlled.  The  following  graph  presents  a profile  of  the  outlet  as  measured  in  July  1 998.  The 
measurement  was  made  at  the  bridge  over  the  outlet  at  the  eastern  end  of  Lake  Isle  (benchmark 
98E007). 
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Appendix  3a.  Approximate  trophic  categories  for  Alberta  lakes  based  on 

average  summer  total  phosphorus  concentrations,  1983-1997. 
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Appendix  3b.  Approximate  trophic  categories  for  Alberta  lakes  based  on 
average  summer  chlorophyll  a concentrations,  1983-1997. 
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